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Abstract analysis of this kind is very likely to facilitate the identification of

. ) ) ~ molecular markers and therapeutic targets for the improved manage-
Critical aspects of the biology and molecular basis for prostate malig-

. ) ment of prostate cancer patients.
nancy remain poorly understood. To reveal fundamental differences be- Th ina technol f cDNA mi ides the abilit
tween benign and malignant growth of prostate cells, we performed gene € emerging technology of ¢ microarrays provides the ability

expression profiling of primary human prostate cancer and benign pros- [0 comparatively analyze mRNA expression of thousands of genes in
tatic hyperplasia (BPH) using cDNA microarrays consisting of 6500 hu- Parallel (7, 8). Previous studies (9-11) have revealed novel features of
man genes. Frozen prostate specimens were processed to facilitate extrachuman cancers by classifying tumors based on gene expression pro-
tion of RNA from regions of tissue enriched in either benign or malignant  files. Human gene expression patterns derived from cDNA microarray
epithelial cell growth within a given specimen. Gene expression in each of measurements have been increasingly used to identify genes associ-
the 16 prostate cancer and nine BPH specimens was compared with @ gted with human malignancies in a number of organ sites (12-16). On
common reference to generate normalized measures for each gene acroS§pe pasis of these studies, it seems apparent that cDNA microarray-
all of the samples. Using an analysis of complete pairwise comparisons of . . . .

i ) . based gene expression analysis of human prostate tissues, especially
expression profiles among all of the samples, we observed clearly discern- .
able patterns of overall gene expression that differentiated prostate cancer those from Well-documented _cllnlcal sources, WOUld rgveal mqlecular
from BPH. Further analysis of the data identified 210 genes with statis- Ccharacteristics associated with prostate tumorigenesis. In this study,
tically significant differences in expression between prostate cancer and We obtained gene expression profiles of 16 primary prostate cancers
BPH. These genes include many not recognized previously as differentially and nine BPH specimens. A complete pairwise comparison of the 25
expressed in prostate cancer and BPH, includingiepsin which codes for  samples revealed consistently distinctive patterns of gene expression
atransmembrane serine protease. This study reveals for the firsttime that petween these two groups of prostate tissues. Statistical tools were
significant and widespread differences in gene expression patterns exist used to identify genes with sufficient discriminative power to differ-
between benign and malignant growth of the prostate gland. Gene expres- entiate these two groups of samples, generating a list of genes with

sion analysis of prostate tissues should help to disclose the molecular _. ii ty diff t . | s bet i t wth
mechanisms underlying prostate malignant growth and identify molecular significantly dirierent expression levels between malignant gro

markers for diagnostic, prognostic, and therapeutic use. and benign growth of the prostate gland.

Introduction Materials and Methods

Adenocarcinoma of the prostate gland is the most common form ofpogtate Tissue SpecimensProstate cancer tissue specimens were ob-
malignancy diagnosed in the United States male, accounting for oyghed from 16 patients undergoing radical prostatectomy for clinically local-
35% of all of the cancers affecting men (1). Approximately 20% Qfed prostate carcinoma at Johns Hopkins Hospital from October 1998 and
those diagnosed will eventually die from this disease. Prostate canmrch 2000. Seven of the nine BPH specimens were obtained from patients
progression is a process involving multiple molecular alterations (@)dergoing open prostatectomy and two from patients undergoing transure-
3), many of which can be reflected in changes of gene expressiorthiral resection of the prostate at Johns Hopkins Hospital between February
the prostate carcinoma cells. BPHyn the other hand, is the most1999 and November 2000. Harvested tissues were flash frozen in liquid
common benign tumor in mer60 years of age (4). Benign growth nitroge.n and storeq at.80°C un'til' use. Specimens were chosen for z.;\nalysis
of the prostate gland is accompanied by a significant increase in ﬂ,ﬁgordmg to two criteria:d) sufficient tissue was available for analysis; and

proliferation rate of epithelial cells in the hyperplastic acini (5)® ["_Stogg'ca:jevaluatt'lon bYﬂ:"f_‘El sta\lllnlng dtﬁmonsnatefd;gﬁ the S?mples
Because these epithelial cells actively proliferate but do not frequen?fgn ained predominanfly epitnelial cets (in the case o ) samples) or
enocarcinoma cells (in the case of the cancer samples; see below). Frozen

progress to malignancy, they serve as a very useful cell population fggue blocks were trimmed after histological evaluation to meet this latter

comparson with prostate carcinoma cells (6). Therefore, Compar_atefﬁerion. Institutional Review Board-approved informed consent was obtained
analysis of gene expression in prostate cancer and BPH specim@f§ ail of the patients in this study.
may provide important information relating to malignant transforma- rRNA Preparation. Trimmed prostate blocks were cut into L@a sections
tion of prostatic cells. Additionally, a systematic gene expressigfa cryostat. A total of 200 frozen sections/specimen were cut and maintained
on dry ice for RNA extraction. Sectioning of the samples facilitates subsequent
Received 2/28/01; accepted 5/1/01. tissue homogenization, ensuring the maximum quality and yield of RNA
The costs of publication of this article were defrayed in part by the payment of papeeparations. In addition, the first and last sections from each specimen were
charges. This article must therefore be hereby maddertisemenin accordance with preserved for pathological confirmation and calculation of percentages of
18 U.S.C. Section 1734 solely to indicate this fact. d epitheli Eff d ich th ithelial .
1 Supported by Public Health Service SPORE CA 58236 and DK 52675. _tumor and epithe |um._ Orts were made to e””‘? the epit Qla composition
2 These authors participated equally. in the samples. After trimming, the 16 tumor specimens contained at least 60%
% To whom requests for reprints should be addressed, at 115 Marburg, 600 N. Wqifange, 60—85%) adenocarcinoma cells in cellular composition. Six of the
(S”e‘)* Johns H°pk'”5| HOSp'Ia"@Bﬁ'“m‘ge' MD 21287. Phone: (410) 955-2518; F@ en BPH samples from open prostatectomy contain at least 50% (range
410) 955-0833; E-mail: wisaacs@jhmi.edu. N : ’
4The abbreviations used are: BPH, benign prostatic hyperplasia; MDS, multidimer@—70%) epithelial cells, whereas the two BPH samples obtained by transure-
sional scaling; RT-PCR, reverse transcription-PCR. thral resection were 40% and 45% in epithelial content. Detailed tissue data are
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provided in supplemental informatidriTotal RNA was isolated as described performed to yield a list of genes statistically significant in separating BPH and
(9). Briefly, the aqueous portion from the Trizol/chloroform (Life Technolofprostate tumor (9, 20). Briefly, for two groups (prostate cancer and BPH) with
gies, Inc., Rockville, MD) extraction step was mixed with equal volume o given number of samples 16 and 9, the discriminative weight for each gene
70% ethanol and loaded on a Qiagen Rneasy (Qiagen, Valencia, CA) column= dg/(k,d,, + k.d,, + «@); wheredg is the between group Euclidean
The columns were then processed according to manufacturer’s recommemistance,d,,, is the average Euclidean distance among all of the prostate
tions. RNA samples were subsequently concentrated using Microcon I$implesd,, is the average Euclidean distance among all of the BPH samples,
concentrators (Millipore, Bedford, MA) to the desired concentration and storéd = 16/(16 + 9), k, = 9/(16 + 9), and«a is a small constant to ensure the

at —80°C until use. denominator is never equal to zero. Genes are ranked accordingvio/tiee.

Array Fabrication. The 6500 sequence-verified human cDNAs, represenGenes with higlw values create greater separation between groups and denser
ing 6112 unique genes (4573 known genes) on the basis of Unigene build 1@8npaction within the groups;e., they have more discriminative power to
were obtained under a Cooperative Research and Development Agreendéiferentiate the two groups. To test the statistical significance of the discrim-
with Research Genetics. A complete annotated list of these cDNAs is availaislative weights, sample labels were randomly permuted (9, 20) among the two
from the supplemental informaticnPrinting of the cDNA clones was carried groups, and thev value for each gene was again computed. This random
out as described previously (9). Briefly, amplified fragments from the clong®rmutation of sample labels was repeated 1000 times to genenatbssi-
were printed onto poly-lysine-coated glass slides. One week after printingpution that would be expected under the assumption of random gene expres-
the arrayed slides were UV radiated to cross-link the DNA targets, treated wition; i.e., no difference between the groups. Thievalues generated from the
succinic anhydride to block poly-ysine, and boiled to denature DNA targets.actual data were then assigns based on thev distribution of randomized

Fluorescent Labeling and Hybridization. Labeling of total RNA was data. An agglomerative hierarchical clustering algorithm (9) based on Euclid-
achieved by direct incorporation of Cy5-dUTP or Cy3-dUTP (Amershaman distance measure was used to cluster the genes with statistically significant
Pharmacia, Piscataway, NJ) in a reverse transcription reaction using anch@ree 0.001)w values;i.e., genes statistically different in expression between
oligodeoxythymidylate primer (Genosys, The Woodlands, TX) and Supegsrostate cancer and BPH samples.
script Il reverse transcriptase (Life Technologies, Inc.). Fluor-tagged cDNAs RT-PCR. Expression of théepsingene was verified using RT-PCR in six
were then concentrated to the desired volume using Microcon concentrafomsstate cancer samples and six BPH samples randomly chosen from the 25
(Millipore). Detailed labeling procedures are available from the welSdfe:  prostate tissue specimens. The cDNA synthesis was performed following the
each of the 25 surgical samples, Cy3-dUTP-tagged cDNAs were mixed wittanufacturer’s instructions (Roche Molecular Biochemical, Indianapolis, IN)
Cy5-dUTP-tagged common reference (Fig. 1) and subsequently cohybridizesihg a primer set fonepsin(forward, gatgtctgcaatggcgctgac; reverse, ccaca-
to a microarray. A single reference sample composed of a pool of RNA frocagccgccaacgtg). Prostate-specific antigen (forward, ccacacccgctctacga; re-
two BPH specimens was used throughout all of the hybridizations to enswerse, ttgatccacttccggtaatgc) was used as a control for equal amount of prostate
normalized measures for each gene in each individual sample. epithelial cells represented in each loading.

Image Analysis and Data Collection.Hybridized slides were scanned
using the Axon GenePix4000A scanner (Axon Instruments, Foster City, CResults
and images were processed using a collection of IPLab (Scanalytics, Inc.,

Fairfax, VA) extensions developed at the Cancer Genetics Branch at NationafA total of 25 frozen prostate tissue specimens (16 prostate cancer
Human Genome Research Institute (17). The image processing analysis @ nine BPH samples) collected at the time of surgery were analyzed
also extracts information regarding spot quality and assigns a quality scorérichis study. A quality control measure was applied to ensure that the
each ratio measurement, with 0 as the lowest measurement quality and 1 agH{ifiples were enriched in epithelial content by trimming, sectioning,
highest measurement quality. The definition of the quality metric is based gpq subsequent histological review within each specimen. Total RNA
the notion that unreliable data points usually resul_t from yveak target |r_1tensWas extracted, and fluorescently labeled cDNA probes (Cy3-labeled)
high local background, small target area, and inconsistent target mtenrséjyepared from each of these samples were cohybridized to the arrayed

within a given target. Implementation of the quality metric enables unified al - .
universally applicable data filtering before downstream higher-level data angi(-rgets along with the common reference probe (Cys-labeled) derived

ysis. Meanwhile, computation of the similarity measures can be easily mo8iom @ pool of two BPH specimens (Fig. 1). Normalized fluorescent
fied by introducing the quality score into the calculation without prior datiitensity ratios from each hybridization experiment represent the
filtering as shown below. Details of the quality metric are provided in suppléelative mRNA abundance for each gene in each sample compared
mental informatior?. with the common reference. Analysis of the extent of similarity of the
Data Analysis. The similarity between gene expression patterns is meagene expression ratios between samples then provided a measure of
ured by computing the Euclidean distances for each pair of samples baseqtf overall similarity in gene expression patterns between samples. A
log-transformed ratios across all of the genes (18). Calculation of the EUC"dQ%’mplete pairwise comparison of all of the samples was performed by
distance between samptendy, d,,, was modified by introducing the quality o5y ting the Euclidean distance for each pair of samples based on
score into the equation to yield all of the log-transformed ratios. The quality score associated with
each ratio measurement was incorporated into the calculation to
dyy = \/z" wi( X — yi)z/ 2” w; ensure that the Euclidean distance measurements were not sensitive to
= = unreliable data points with low quality score, which is typically a
wherex; andy; represent the log-transformed expression ratidttoigene in  result of low signal intensity value and small target size. A matrix of
samplex andy, respectively (total of genes in each sample), an= q,q,;, Euclidean distances from a complete pairwise comparison was gen-
whereq,; andqy; are the expression measurement qualityiforgene in the erated. To create a visual representation of relationships among all of
samplex andy, respectively. Using a matrix of Euclidean distance measur¢he samples in terms of their similarities in gene expression profiles,
ments from the complete pairwise comparison of all of the prostate specimegsihree-dimensional mapping of the samples, where the Euclidean
a multidimensional scaling method (MDS) (9, 19) was used to display thfstance between samples was closely approximated by the inter-
overall similarity in gene expression profiles. During the MDS procedur%,amme map distances, was created using a multidimensional scaling
samples were positioned in a three-dimensional space so that the distaﬁc

between each pair of samples very closely approximates the Euclidean distangzhOd (9, 19). Samples that have gene expression profiles that are

measurements in the matrix for the corresponding sample pair. This thrf20"€ similar to each other will lie closer and form aggregation

dimensional approximation of multidimensional relationships produces a €luster) in three-dimensional space. As seen in this plot (Fg. 2

sually intuitive pattern of sample clustering. Weighted gene analysis w&ong distinction in the pattern of overall gene expression is evident
between prostate tumor samplddug) and BPH ¢olden browi

5 http://www.nhgri.nih.gov/DIR/Microarray/Prostate_Supplement. samples (See Supplemental informafidor a three-dimensional ani-
6 http://www.nhgri.nih.gov/DIR/microarray. mation of the MDS plot). Samples within each group showed similar
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Fig. 1. Overview of experimental procedures for gene expression profiling of
prostate tissues. Prostate samples were trimmed and sectioned to enrich epithelial C
content in each specimen and to facilitate sample homogenization. Total RNA was
extracted from the samples and labeled with Cy3-dUTP in a RT reaction. RNA from
a pool of two BPH specimens was labeled in parallel with Cy5-dUTP and used as
reference sample for all of the 16 prostate cancer and nine BPH samples. Labeled
products from the test samples were mixed with the labeled reference and cohybrid-
ized to microarrays containing cDNAs for 6500 human genes. Images were scanned,
and data were analyzed to study the gene expression patterns. S

Fig. 2. MDS and weighted gene analysts a three-dimensional plot produced by as= *
a MDS method displaying the overall similarity in gene expression among the 25 . ;
samples. The 16 prostate cancer samples are showuérand the nine BPH samples o4~ -
are shown ingolden brown B, distribution of thew values from weighted gene B
analysis. Thav values are on th& axis, and the number of genes are on Yhexis. 02— -
For the actual data€d line), thew value for each corresponding gene represents the & 4
degree of difference in expression of that gene between two defined groups, 16 0= .° .
prostate cancer samplesrsusnine BPH samples. Thblue line represents thev g
distribution that would be expected under the null hypothesis, which assumes no €2 =] .
difference in gene expression between the two groGpa.three-dimensional plot of :
the 25 prostate samples based on the top 210 genes from weighted gene analysis. Th@‘ '7
16 prostate tumor samples arehilue, the nine BPH samples are golden brown s

gene expression patterns by forming a localized grouping of BRimalysis (9, 20) was performed. This analysis generates an ordered list
samples that is readily separable from the cancer sample groupioggenes with statistically significant differences in expression be-
This result indicates that it is possible to draw a distinction betweénween BPH and prostate cancer. Filtering out unreliable ratio meas-
benign growth and malignant growth of prostatic cells solely based arements results in a set of 3215 genes for weighted gene analysis.
the overall similarity of gene expression patterns. First, thew value for each gene was computed to analyze the discrim-
To determine which gene expression patterns exhibited the greateative power of that gene to separate prostate cancer and BRH;
difference between BPH and prostate cancer samples, weighted gibeedifference in expression of that gene between prostate cancer and
4685



PROSTATE GENE EXPRESSION PROFILES

| Prostate Cancer | BPH Prostate Cancer | BPH | Clone ID Gene name

l 208413HPN

196345 LIM
812965 MYC
725321 ESR1
Fig. 3. The top 210 genes with a statistically significant difference in expression between prostate cancer and BPH. Data are organized inraan&dtiaviiorg hierarchical
clustering analysis of the 210 genes. EaoW represents a single gene; eaxlumnrepresents a prostate sample. Normalized ratios correlating to the abundance of mRNA relative
to a common reference are represented by cotexs;down-regulated relative to referenageen up-regulated relative to referenddack approximately same as reference. Color
saturation represents the magnitude of deviation from the reference. Selected clusters of genes are listed with corresponding gene symboldoael MAGE

45578 MAP2K6
204214 CDCS6
626716 ELL2
814306 TPD52
770388 CLDN4
825085 ST14
809828 [EZ2F5
845363 NME1
341246 CLPP
249603 SPAK
196501 ARP
810609 EST
795543 AOE372

869187 [EPAS1
469345 KDR
324383 FGF2
753923 PRKCB1
40056 CSPG4
360047 SMARCD3
110467 CAV2
484535 AOC3
756556 SERPING1
199663 SCYA14
470122 KCNMB1
45099 RGN
857640 COLBAZ
361943 MEIS1
588822 COVA1
138592 EST
768246 G6PD
244618 EST

BPH. Genes were then ranked accordingvtealues, with the largest expression ratios for each gene are presented graphically as colored
w value indicating the most discriminative power to separate prostateages, with thegreen squaregrectangular in compressed image)
cancer from BPH. A fitted line representing thedistribution from representing higher expression in sample compared with the refer-
the actual data is displayed in FigB Zred line). Next, aw distribution ence, thered squaresmeaning lower expression in sample than
was created from the randomly permuted gene expression data sefisrence, and thiglack squaresndicating a ratio of approximately 1.
(Fig. 2B, blue ling, representing thev distribution that would be Color intensities are scaled according to the ratio (reference:sample),
expected under the null hypothesis that no true difference existgh the brightest color having a ratio of greater thanr&d) or
between the two groups. Therefore, eactialue from the actual data smaller than 0.2dreen). For clarity of data presentation, we only list
can be assigned B to determine the statistical significance of thehree clusters of genes with their associated names and IMAGE clone
associated gene to differentiate prostate cancer from BPH, by coil@-numbers (Fig. 3). A complete list of the 210 genes with associated
sponding thev value (from the actual data) to thedistribution from clustering tree and other details can be accessed from supplemental
the randomized data. Genes withvalue above a critical value 1.7 information?
were determined to be statistically significaRt€ 0.001) in expres-  The 210 genes witlv values>1.7 can be ranked according o
sion between prostate cancer and BPH (see supplemental informaticadues. The number one ranked gene.(having the greatest ability
for details). As shown in Fig.R, it is apparent that the observed genéo differentiate BPH from cancer) tsepsin(w = 5.05), which codes
expression difference between prostate cancer and BPH is not fitiea transmembrane serine protease that has been implicated in cell
result of random events. There are 210 genes witllues>1.7 (and growth, development, and initiation of blood coagulation, and is
thusP < 0.001) from the actual dataseed line), whereas no gene in overexpressed in ovarian cancer (21). This gene was found to be
the random datasets hasvavalue>1.7 (blue lingd. An MDS plot was highly expressed in prostate cancer samples relative to BPH samples
created to visualize the relationships among the 25 samples basedFig. 3; first gene). RT-PCR analysis was used to determine the
these 210 genes (FigC2. As expected, a greater degree of separati@xpression level of theepsingene in six prostate cancer samples and
was observed because this list of genes represents the subset of garé€3PH samples. Prostate-specific antigen, a prostate luminal epithe-
with the most expression differences between BPH and prostéts marker and also a serine protease, was used as a loading control
cancer samples. as well as an indicator of the epithelial content in the samples. We
The 210 genes are clustered and displayed in Fig. 3 along with theinfirmed the high expression bepsinin prostate tumor samples,
relative expression in each sample compared with a common refetereas minimal or no signal was detected in BPH samples (Fig. 4).
ence. Samples are ordered as groups of prostate cancer and BPH kdéany of the differentially expressed genes remain to be confirmed
facilitate visual comparison of the expression levels. The measuiedependently. However, some of them can be indirectly verified by
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Cancer BPH pathological entities arising in two different areas of the prostate gland
(22). The majority (-80%) of prostate cancers are found in the
peripheral zone, and almost all of the BPH occurs in a periurethral
region, termed the transition zone. Clarification of the expression
differences that arise from the differences in normal peripheral and
transition zone tissue will require studies of the relative expression of
genes of interest in these tissues. Nevertheless, many genes that are
consistently up-regulated and down-regulated in the majority of pros-
Fig. 4. Verification ofhepsinexpression in BPH and prostate cancer by RT-PT# tate cancer samples when compared with BPH are most likely repre-
row, hepsin bottom row prostate-specific antigen. sentative of molecular features associated with prostate malignancy.
On the other hand, future studies focusing on the identification of
enes that have expression that is zone-specific should shed light on
he mechanisms underlying the regional difference in the incidence of

e - A s R W W W W

2 3.4 5 6

searching the public National Center for Biotechnology Informatio
serial analysis of gene expression dataaBer example, database

hi f the 34 ludiheosin T the th benign and malignant growth of the prostatic cells.
searching ot the o4 genes (excludihgpsir) rom the tree gene e nomic instability of prostate tumors could lead to an extensive
clusters shown in Fig. 3 returned 17 genes with available data o

. L . Briation in gene expression even within a single tumor (2). Therefore,
relative expression in prostate caneersusthat in normal prostate.

. . : . identification of tumor-specific gene expression changes common to
Strikingly, 12. of the 17 genes were confirmed to be dlfferer?tlall%“ ?f the tumors is of particular interes;g., mMRNA expression of the
expres_sed with reasonab_le confldenc_e (at least 2-fold change 'n.serqleapsingene is strikingly high in all of the prostate cancer samples
ana|7yS|s of gene expression data derived from PR317 prostate IIbréiorfnpared with minimal expression in all of the BPH samples exam-
ies)” This observation also suggests that gene expression chan%%%1 - - . AT :
. . . Although it is not clear at this point what implications this gene
between prostate cancer and BPH reflect in large degree the dn‘f ugh it 1S point what implicat 9

ences between normal and cancerous prostate epithelium Add't'ogglwe” as the other highly discriminating genes might have on
w us p prthetium. " state malignancies, the cellular function of the gene products and

?k?;c!(teSZ\T(l)l ;gngg?gebde;?g;ug)r/wg ﬁ;?;tr?erlﬁteptrr:)itz(g :355';:2 fevels e potential use of those malignancy-associated genes as molecular
' markers warrants further study.
Discussion Although important features of prostate tumor biology remain to be
investigated by including additional prostate tissue samples differing

This study was undertaken as a step toward discovering some of ifh@athological characteristics, the current study reports both a clear

fundamental differences between benign and malignant growth @ferall and gene-by-gene difference between gene expression profiles

prostate epithelial cells. The comparison of BPH and prostate canagsociated with malignant growth and benign growth of the prostatic

is thought likely to lead toward a more incisive understanding of thealls. This study is currently being expanded by using microarrays

biology of tumors because BPH appears to occupy a state thatdmhtaining more genes known to be important in prostate biology and

unusually close to that of prostate cancer; both involve overgrowth [9f reanalysis of the profiles as new sample sets are added. Analysis of

the epithelial cells. Whereas cancerous growth of the prostate epittiee roles of the genes already suggested as possibly important in

lial cells is characterized by accumulation of molecular abnormalitiggostate cancer and the further development of profiles of the various

because of genomic instability, BPH represents overgrowth of a mayges of normal and cancerous prostate epithelia offer a reasonable

“normal epithelium” with rare genetic abnormalities (22). Thus, it iapproach to developing an understanding of the biology of prostate

expected that many of the differences that can be observed betwgetignancy.

BPH and cancerous epithelia will reflect this particular aspect of

prostate tumor biology. The tool chosen to carry out the comparisp@knowledgments

was gene expression profiling using cDNA microarrays. Mathemati-

cal analysis of the profiling results demonstrated that clear differencedVe thank Arthur Glatfelter, Chris Gooden, and Spyro Mousses for microar-

in expression pattern can be seen both at the overall expression Iég¥¢technical assistance. We also thank Dr. Angelo De Marzo for valuable

(Fig. 2A) and at the individual gene level (Fig. 3). ;ugges_tlons regarding the manuscript and Darryl Leja for help with scientific
Interpretation of the observed differences is bound both by t|1]” stration.

complex nature of cellular heterogeneity and by our knowledge of tllgze

tissue origin for BPH and prostate cancer. Any comparison is limited-

by the homogeneity of the samples being compared. A typical surgical Ries, L. A. G., Wingo, P. A., Miller, D. S., Howe, H. L., Weir, H. K., Rosenberg,

. . . . H. M., Vernon, S. W., Cronin, K., and Edwards, B. K. The annual report to the nation
prostate tissue specimen usua”y presents a mixture of different CeIIon the status of cancer, 1973-1997, with a special section on colorectal cancer.
types, each with a potentially unique gene expression profile. The cancer (Phila.)88: 23982424, 2000.
prostate samples used in this study were processed to maximize thdzeace, 1\ B wha fous & © Prote saeers vegg ek Koner
percentage of the target epithelia from which RNA was extracted to 1995’
reduce the contributions of the contaminating tissues to the fin&l Thompson, T. C., Timme, T. L., Bangma, C. H., Nasu, Y., Hull, G. W., Hall, S. J.,
profiles. The likelihood of the observed differences in expression li”f’rsstig'rztlﬂ'; CV’\S ;h:\;gjcgg’g g'_oé‘f%’ogfzsr(oesé:f; éi'::l’gu'\r'm ;r;/g%i'éﬁ‘)”g% (Ed.
representing differences in BPH and prostate cancer biology is further2), pp. 563-564. Philadelphia: LW&W, 2000.
heightened by using multiple samples. The contaminating tissues will Ziadq, A., Rosenblum, M., and Crawford, E. D. Benign prostatic hyperplasia: an
be more randomly represented in the samples analyzed, and thgifycriew: U00gy3 (Suppl 38) 1-6,1999. e

’ ~'Kyprianou, N., Tu, H., and Jacobs, S. C. Apoptatizsusproliferative activities in
contribution to the analysis will thus be further diluted. The other human benign prostatic hyperplasia. Hum. Patt&:,668—675, 1996.
source of expression differences between BPH and prostate tynﬁ)rrig';élﬁ\l/;_’ g:f]fgtaznl (%u?;ﬁf?)d 3%@2"19’“1‘33;"_' M. R. The genetics of cancer-a 3D
samples that may be tangential to the cancer-specific differences is th.eSchena, M., Shalon, D., Davis, R. W., and Brown, P. O. Quantitative monitoring of

tissue of origin of the two sample types. BPH and prostate cancer aregene expression patterns with a complementary DNA microarray. Science (Wash.
DC), 270: 467-470, 1995.

8. Duggan, D. J., Bittner, M., Chen, Y., Meltzer, P., and Trent, J. M. Expression

7 http://www.ncbi.nlm.nih.gov/SAGE/SAGEcid.cgi?. profiling using cDNA microarrays. Nat. Gene21 (Suppl. 1) 10-14, 1999.
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